Introduction
Ultrasound of the cervix during pregnancy has been the focus of much research in the last few years, and significant advances have been made in understanding the proper role of this procedure. In this chapter we will review the technique of transvaginal cervical assessment and discuss its possible role in predicting and preventing preterm birth (PTB).
Ultrasound of the Cervix-Techniques
Initial attempts at evaluating the cervix used transabdominal ultrasound (TAU). Unfortunately, this technique was found to be imperfect, because of (1) fetal parts obscuring the cervix, especially after 20 weeks, (2) the requirement of bladder filling, which can elongate the cervix and mask funneling, and (3) long distance from the probe to the cervix.
Translabial (also known as transperineal) ultrasound, first used in France in the early 1980s, proved to be more useful. This technique involves having the patient lie on table with the hips and knees flexed, while a gloved transducer is positioned on the perineum in a sagittal orientation between the patient's labia majora. Elevation of the patient's hips with a cushion is sometimes used to improve visualization. Compared with TAU, this technique is not impaired by obstruction by fetal parts, and does not require bladder filling, achieving close to 100% visualization. Other advantages of this technique are that the transducer is closer to the cervix, but does not enter the vagina (so no pressure can be exerted on the cervix), it does not require an additional transducer, and it is well accepted by patients. The main drawback of the transperineal approach is that gas in the rectum can hamper visualization of the cervix, especially the external os.
The first studies of the human cervix using transvaginal ultrasound (TVU) also date back to the 1980s. The technique shares the advantages of Translabial ultrasound, but the probe is even closer to the cervix, and the problem of obscuring bowel gas is eliminated. It has thus become the preferred, gold standard method of evaluating the cervix in most clinical settings. Current recommendations for the performance of TVU of the cervix are as follows:
1. Have the patient empty her bladder; 2. Prepare the clean probe covered by a condom; 3. Insert the probe (probe can be inserted by patient for more comfort); 4. Place the probe in the anterior fornix of the vagina; 5. Obtain a sagittal view of the cervix, with the long axis view of echogenic endocervical mucosa along the length of the canal; 6. Withdraw the probe until the image is blurred and reapply just enough pressure to restore the image (to avoid excessive pressure on the cervix which can elongate it); 7. Enlarge the image so that the cervix occupies at least 2/3 of the image, and external and internal os are well seen; 8. Measure the cervical length from the internal to the external os along the endocervical canal (Fig. 1); 9. Obtain at least three measurements, and record the shortest best measurement in millimeters; 10. Apply transfundal pressure for 15 seconds, and record any changes in cervical length or funneling.
For best results, the internal os should be either flat or at an isosceles angle with respect to the uterus, the whole length of the cervix should be visualized, a symmetric image of the external os should be obtained, and the distance from the surface of the posterior lip to the cervical canal should be equal to the distance from the surface of the anterior lip to the cervical canal. There should not be any increased echogenicity in the cervix (a sign of excessive pressure).
While TVU of the cervix is usually straightforward, there is some anatomic or technical difficulty encountered in about one fourth of patients. For this reason, some have recommended that a sonographer be supervised for his or her first 50 procedures while expertise is being acquired.
Cervical Assessment
Different cervical parameters have been evaluated as predictors of PTB. Most commonly, cervical length (CL), as measured from the internal to the external os along the endocervical canal, is measured (Fig. 1) . If the cervical canal is curved (defined in the 
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Maternal Fetal Medicine Network study as a deviation of the canal of >5 mm from a straight line connecting the external and internal os), the CL can be either traced or the sum of two straight lines that essentially follow the curve can be used. 1 It should be noted that a short CL is always straight, and the presence of a curved cervix usually signifies a CL >25 mm and is therefore a reassuring finding. If the cervical canal is closed, CL is probably the only parameter that needs to be measured.
In about 25% to 33% of high-risk patients, 1,2 the internal os is open. In this case, the open portion of cervix (funnel length) and internal os diameter (funnel width) can be measured (Fig. 2) . Percent funneling is defined as funnel length divided by total CL. Total CL is equivalent to the sum of funnel length and functional CL. Functional CL in this case is the closed portion of the endocervical canal only. Functional CL is the sonographic CL used for calculations and predictions, and the term cervical length (CL), if not otherwise specified, refers to the functional CL.
If funneling is present, the shape can be recorded. Zilianti has described a continuous process of funneling, going from a normal T shape, to Y, then V, and finally a U shape. 3 It appears that U-shaped funneling is more likely to be associated with PTB compared with a V-shaped funnel; 4 however, these distinctions are somewhat subjective.
Uterine segment contractions may mimic the appearance of funneling of the internal cervical os. In such cases, there is rounded myometrium around the cervix and a normal cervix distal to the contraction. Careful evaluation of the apparent funneling with endovaginal ultrasound over several minutes should resolve any question of the morphology of the upper cervical canal. In some instances, the depth of a true funnel may be difficult to quantify, since the funneled portion may merge with the lower uterine segment and the characteristic notch that depicts the border between lower uterine segment and the cervix may be flattened. Funneling has been reported to have higher inter-observer variability among examiners and different centers than CL. 5 In spite of these difficulties, funneling has been reported to have better or similar predictive accuracy for PTB than CL. 5, 6 In one high-risk population, minimal funneling (<25%) noted between 14 and 22 weeks was not associated with a significant increase in PTB, while moderate (25% to 50%) and severe (>50%) funneling were associated with a 50% or more probability of PTB. 2 The fact that <25% funneling is not associated with an increased risk of PTB is important, since this is a common finding that should not raise alarm or result in intervention.
In our 1999 study, when we considered either a short CL or funneling as abnormal, compared with a CL <25 mm alone, the sensitivity for PTB was increased (from 61%-74%) without major changes in specificity, positive, and negative predictive values. 7 Another dataset 1 from the NICHD MFMU Network also showed that the presence of funneling when the CL is >25 mm is associated with a high risk of later development of a short CL and eventual PTB.
In less than 5% of TVU, CL may change dynamically during the course of a 5-to 10-FIGURE 2. Schematic of TVU cervical measurements minute examination, and in some cases funneling of the upper cervical canal may appear and resolve. Similarly, the cervix may shorten in response to transfundal pressure (TFP) in about 5% of cases. When changes occur, the shortest CL should be recorded. In most of the cases in which the cervix shortens spontaneously or in response to TFP, it is already abnormal at baseline. There is conflicting evidence concerning whether TFP increases the screening potential of TVU. In our study, only 1 of 9 patients with an initially normal cervix who had abnormalities after the application of TFP delivered preterm. 7 Adding response to TFP as a screening criteria for PTB did not significantly increase predictive accuracy. In contrast, Owen 1 showed that dynamic changes, either spontaneous or after TFP, significantly improved the predictive accuracy of TVU for PTB.
Many parameters other than CL and presence or absence of a funnel have been studied, including funnel width, funnel length, 6 anterior and posterior cervical width, cervical angle, cervical position (horizontal versus vertical), lower uterine segment thickness, vascularity, visibility of chorion amnion at internal os, cervical index (funnel length +1/functional length), etc., but none of these has proven more reliable or predictive than CL.
Prediction of Preterm Birth
There have been numerous studies evaluating the usefulness of TVU for predicting and preventing PTB. Many different populations have been screened, including asymptomatic women with singleton, twin, and triplet pregnancies and symptomatic women with preterm labor or PPROM. Studies have been done on low-risk patients, high-risk populations, and patients with a cerclage in place. While the technique in these studies is similar, study population (in particular the incidence of prior PTB), gestational age at which TVU was done, frequency of TVU, cervical parameters studied, and outcomes vary. In the following review of the available studies, we emphasize those with the best design (ie, those which describe proper technique, blinding of managing physicians to ultrasound results, and the inclusion of large numbers of patients). The cervical parameter found in most studies to have the best predictive accuracy, as determined by receiver operating characteristic curves, was a CL <25 mm. The most common primary outcome was spontaneous PTB at less than 35 weeks' gestation (PTB <35 w).
Cross-Sectional Studies
Numerous studies have reported normograms for CL in non-selected pregnant women with singleton gestations. 5, 8, 9 In low-risk women, CL is a continuous variable, with a mean of 35 mm to 40 mm from 14 to 30 weeks, with the lower 10th percentile being 25 mm and the upper 10th (90th percentile) 50 mm. 5, 9 A progressive and natural shortening of CL is noticed after 30 weeks even in patients destined to deliver at term. 8 Some have reported a very slight progressive linear reduction of CL even before 30 weeks. 10 There seems to be no difference in CL between nulliparous and multiparous women throughout pregnancy, while risk factors for PTB such as African origin, age less than 20 years, low ponderal index, and prior miscarriage or PTB, are associated with a shorter CL. 10 Studies that have evaluated the usefulness of TVU for predicting PTB in asymptomatic singleton pregnancies are shown in Table 1 . In general, these studies found that the shorter the cervix, the higher the risk of PTB. Using different cutoffs for CL ranging from 15 mm to 34 mm, the positive predictive values ranged from 6% to 44%. This relatively low value is likely due at least in part to the low incidence of PTB in these studies (0.8%-15%). In only 3 of these studies were the clinicians caring for the patient blinded to the ultrasound results. It should be noted that in one of the better-designed, larger studies, 5 the sensitivity was only 37%
and the positive predictive value only 18%. This means that 82% of these low-risk patients who were found to have a short CL at 24 weeks delivered at or after 35 weeks.
High-Risk Singletons
There is intense interest in preventing recurrence of PTB. It has been thought that many preterm births are a result of a "weak" cervix, and that cervical cerclage may help prevent recurrence. However, three published randomized studies on prophylactic cerclage without the use of TVU have not shown that this procedure prevents PTB in high-risk singleton gestations, except for the subgroup of women with three or more prior second trimester losses or PTBs. 15 Researchers have hypothesized that a subgroup of patients in whom a cerclage may be beneficial could be identified with TVU of the cervix. Risk factors that have been used to identify potential subjects for these studies include one or more PTB between 14 and 32 weeks' gestation, Mullerian anomaly, two or more voluntary terminations, diethylstilbestrol (DES) exposure, cone biopsy, etc. Women with multiple gestations, previa, prophylactic cerclage, or a major fetal anomaly have been excluded. Predictive accuracy of the studies performed by us and others on singleton high-risk pregnancies with some of these risk factors are detailed in Table 2 . In our study, 7 each of the 168 pregnancies analyzed received an average of 2.3 TVUs between 14 and 24 weeks' gestation. Multivariate logistic regression analysis showed that TVU cervical change was a significant independent predictor of spontaneous PTB (OR 6.4, 95% CI 2.6-16.8), while demographic variables and risk factors were not.
As Table 2 shows, some of the patients with PTB had normal TVU during the study period (false negatives). In our experience, most of these delivered at Ն32 weeks, a time at which the consequences of PTB are not as severe. The positive predictive value of an abnormal test was higher if the change appeared between 14 and 18 weeks (PPV 70%) than if abnormalities were first noted between 18 and 22 weeks (PPV 40%). A patient with clinical risk factors for PTB who had a normal TVU between 18 and 22 weeks had a risk of PTB of only 4%, which represents an 80% reduction in risk. PTB within 4 weeks of TVU occurred in 8 (13%) of pregnancies with cervical changes and in none of the pregnancies without such change. It is important to note that, at least in high-risk patients, PTB following the detection of a short CL are most often preceded by Names in italics indicate studies in which clinicians were blinded to results of TVU. For studies listing two sets of numbers for predictive accuracy, different CL cut-offs were used. PTB% = incidence of preterm birth; GA = gestational age; CL = cervical length; % abu = percent abnormal sens = sensitivity; spec = specificity; PPV = positive predictive value; NPV = negative predictive value; RR = relative risk compared to those with normal CL except * = compared to values above the 75 th percentile.
PPROM (48%-68%) instead of PTL. 2, 19 A CL <10 mm in these patients is particularly predictive of PPROM. 20 A recent well-designed blinded multicenter study of the Maternal Fetal Medicine Units Network of the National Institute of Child Health and Human Development on TVU in patients with a history of PTB <32 weeks demonstrated that the best predictive accuracy was achieved with serial TVUs, and including the shortest cervix ever after spontaneous or transfundal pressure-elicited changes. The sensitivity and positive predictive value reached 69% and 55%, respectively. This was the only blinded study performed in women at high-risk for PTB, and contains therefore the most reliable and valid predictive data in this population. 1 No study has so far reported exclusively on other high-risk subgroups, such as women with Mullerian anomalies, exposure to diethylstilbestrol (DES), or cone or LEEP biopsy.
Twins
Despite the significant contribution of PTB to perinatal morbidity and mortality in twin pregnancies, the prediction of PTB in twins using traditional clinical means remains limited. In a preterm prediction study in twin gestation, Goldenberg found that a CL Յ25 mm at 24 weeks' gestation to be the best of all the predictors of PTB that they evaluated, including fetal fibronectin and bacterial vaginosis. 21 (O.R. 3.2, 95% C.I. 1.3-7.9) Compared with singleton pregnancies, twin pregnancies that deliver at term have been shown to have a similar TVU CL at 14 to 19 weeks, but have a progressively much shorter cervix starting after 20 weeks' gestation. 22 Since cervical shortening occurs after 20 weeks' gestation even in twin pregnancies destined to deliver at term, 22 sonographic examination of the cervix before 20 to 24 weeks may lead to better prediction of PTB. A recent study found that the predictive value of sonographic CL determination in twins between 24 and 34 weeks' gestation was low. 23 Performance of ultrasound for predicting preterm delivery in twins is outlined in Table 3 . Again, predictive accuracy varies by study, possibly because of different CL cutoffs and gestational age at which women were screened. As with high-risk singletons, a short cervix is a good predictor of PTB. The shorter is the CL, and/or the more severe the funneling, the higher the risk of PTB. Importantly, in our study, 25 only 4% of twin pregnancies with a sonographic CL of >35 mm between 18 and 26 weeks delivered before 35 weeks. If this finding is confirmed by others, it may allow obstetricians to avoid bedrest and other interventions commonly used in twin pregnancies.
At least four studies have reported on TVU of the cervix and its prediction of PTB in triplet pregnancies. Our data show that a CL <20 mm at 16 to 24 weeks is associated with an increased risk for PTB <28 weeks (sensitivity 67%, specificity 78%, PPV 44%, NPV 90%; RR 4.4 [95% CI 1.0-20.0] ).
Women with Cerclage
TVU of the cervix has been evaluated in patients with prophylactic, therapeutic, or emergent cerclage in place. Most studies have shown that transvaginal cerclage is placed in the middle part of the cervix in the majority of cases (Fig. 3) . 29, 30, 31 Evaluation of pre-and post-cerclage TVU CL has shown that CL usually increases post-cerclage, and that an increase in CL is associated with a higher rate of term delivery. 32, 33 Several studies have evaluated the accuracy of TVU for predicting PTB in patients with cerclage. [29] [30] [31] [32] These studies all show that TVU cervical parameters are predictive of PTB. CL <25 mm and upper cervix (the closed portion above the cerclage, see figure  2 ) <10 mm are probably the two best predictive parameters. It is unclear what (if any) intervention would prevent PTB once the screening TVU of the cervix is found to be abnormal.
Three-dimensional ultrasound makes it possible to obtain an axial plane through the cervix at the level of the cerclage, demonstrating the entire stitch (Fig. 3) . This view is not obtainable with conventional 2DUS. Whether 3-dimensional imaging will improve clinical management in patients with or without a cerclage in place is unknown.
At What Gestational Age is Cervical Assessment Most Predictive?
Almost all patients, even those at the highest risk, have a normal CL in the first and early second trimesters. In a study of TVU of the cervix in high-risk women, only 5% had a CL <25 mm between 10 and 14 weeks. 34 Sensitivity for the prediction of PTB is very low in this time interval. An additional drawback of very early screening is that the lower uterine segment is difficult to distinguish from the true cervix in the late first and early second trimesters. The most common gestational age when short cervix or funneling develops is 18 to 22 weeks. 2, 6 Therefore, if a screening program is to include only one CL assessment, it should be done in this time interval. High-risk patients destined to deliver preterm may have earlier cervical changes. The earlier the short CL is de- tected, the higher is the risk of PTB. A cervix of <25 mm had a positive predictive value of 70% when detected between 14 and 18 weeks, and of 40% when detected between 18 and 22 weeks. 2 Therefore, it may be that patients with the highest risk of PTB (eg, patients with classic histories of cervical incompetence) may benefit from early (ie, 14-18 weeks) ultrasound examination to determine their need for intervention.
The benefit of repeated TVU examinations and the ideal interval for repeating TVU has not been clearly established. If a screening program were employed in relatively low-risk women, one TVU of the cervix at around 18 to 22 weeks would probably be most effective. It appears that one normal TVU CL between 14 and 18 weeks and another between 18 and 22 weeks is reassuring in most high-risk women. 7 In women at very high risk for PTB, such as those with prior second trimester loss or very early spontaneous PTB, some have advocated TVU of the cervix every 2 weeks, at least between 14 and 24 weeks. The fact that TVU at 14 to 22 weeks is at least as predictive of PTB as TVU after 22 weeks is important, since interventions to prevent PTB are most effective when changes leading to PTB are detected early in the process.
Transvaginal Ultrasound versus Digital Examination of the Cervix
Cervical assessment by manual examination is the traditional method for the prediction of PTB. A study comparing the utility of digital examination and TVU for predicting PTB evaluated 96 high-risk patients every 2 weeks-from 14 to 30 weeks' gestation with examiners blinded to the results of the alternate technique. 2 The majority of patients (61%) were included because of a history of one or more PTB and 18% had PTB (<35 weeks) in the current pregnancy. The mean sonographic CL of the PTB group was significantly shorter than that of the term deliv- ery group while there was no difference in manual cervical measurements between the two groups.
The relative lack of success of digital examination in predicting PTB is probably due to the fact that it is subjective (inter-observer variability of 52%), 35 not accurate for evaluating the internal os (the whole upper half of the cervix is not measurable by this method), 36 and nonspecific (15% to 16% of primiparous women and 17% to 35% of multiparous women who are delivered at term have cervices that are 1-2 cm dilated by manual examination in the late second trimester). 37 Studies have shown that sonographic CL measurements are, on the average, 11 mm longer than manual estimations. 74% of asymptomatic patients with funneling have a closed and at least 2-cm-long cervix on manual examination. 6 These data show that TVU is clearly superior to manual examination for evaluation of the cervix and prediction of PTB.
Why is Short Cervix Associated with PTB?
The most obvious hypothesis is that a short CL is caused by an intrinsic weakness of the cervix. This cervical weakness could possibly be due to traumatic or surgical damage, a congenital disorder, or a connective tissue disease. This hypothesis, while appealing, has not been proven, and will undoubtedly be addressed by future histologic and functional in-vivo studies. It is interesting to note that almost no women, even the most highrisk, have a short CL in the first trimester. 34 Another hypothesis is that a short CL can provide easier access of potentially pathologic vaginal organisms into the intrauterine environment, leading to prolonged subclinical chorioamnionitis and subsequent PTB. Women with a normal CL have mechanical and immunologic protection against the ascent of lower vaginal organisms. There is a strong association between a short CL on TVU and infection. High amniotic fluid IL-6, later development of chorioamnionitis, and acute inflammatory lesions of the placenta have all been associated with a short CL on TVU. In the preterm prediction study conducted by the NICHD MFMU Network, patients with bacterial vaginosis and a short CL have higher PTB than women with just a short CL (22% vs. 16%) (personal communication, Berghella). A short CL leading to PTB is often associated with PPROM instead of PTL, providing additional evidence for the role of infection in these patients. 19 Recent studies have shown that the majority of asymptomatic women with CL <25 mm before 24 weeks have some contractions, more than controls with a normal cervix. 38, 39 It is unclear whether contractions cause the short CL, are a result of the short cervix, or whether these two factors work synergistically.
Interventions to Prevent Preterm Birth Based on Abnormal TVU
Many investigators believe the high negative predictive value of TVU of the cervix is important, since patients with a normal CL can be reassured and interventions avoided. However, a high negative predictive value alone is not sufficient to justify a screening program. For TVU to be judged costeffective, there must be an effective intervention to prevent PTB if the test is positive. For asymptomatic patients with a short CL, the only intervention studied so far has been cervical cerclage.
Non-Randomized Studies
Five non-randomized studied have studied the benefit of therapeutic cerclage when short CL is identified (Table 4) . Three employed screening in a cross-section of low and high-risk patients, 14, 40, 41 and two screened only high-risk women. 7, 42 Because cerclage was performed at the obstetricians' discretion in these studies, selection bias may have been important. Two 14,41 of the 3 cross sectional and one 7 of the two high-risk studies reported no benefit from cerclage. It is impossible to do a metaanalysis of these studies given the different population characteristics, CL cutoffs, and outcomes studied. A recent analysis of our non-randomized data at Thomas Jefferson University has shown that in 43 women without obstetrical risk factors but a CL of <25 mm, placement of cerclage did not decrease the incidence of PTB (RR 1.1, 95% CI 0.5-2.7). In contrast, in 73 women with prior delivery at less than 35 weeks and with a CL <25 mm, placement of a cerclage reduced the incidence of recurrent PTB (<35 weeks) by 40%, from 63% to 39% (RR 0.6, 95% CI 0.4-1.0). In 57 women with a prior second trimester loss and CL <25 mm, the incidence of PTB <35 weeks was reduced from 65% without cerclage to 41% with cerclage (RR 0.6, 95% CI 0.4-1.0).
Randomized Trials
Randomized trials of cerclage are extremely difficult to perform, particularly when this procedure is believed by many patients and their doctors to be beneficial. Randomized trials on therapeutic cerclage to prevent PTB in women with a short CL have had different results, depending on the type of patients studied. Two trials which have focused on an unselected population showed no prevention of PTB in women who were randomized to receive cerclage. These included a study by Rust 44 of 113 women with either CL <25 mm or funneling >25%, and an unpublished study by Prof Nicolaides's group in London, which randomized women with a CL <15 mm at 23 weeks (personal communication Nicolaides). The conclusion from these 2 studies, including now (Rust study is still in progress) over 500 women, is that therapeutic cerclage in unselected women with short CL on TVU does not prevent PTB. In contrast, a small trial (n = 35) by Althuisius et al, which included only patients at high risk for PTB, many of whom were suspected of having cervical incompetence, 43 showed a decrease in PTB and neonatal morbidity and mortality with cerclage. Interestingly, when Rust 45 analyzed a subgroup of his study population that had a prior PTB (n = 87), again he did not find a benefit from cerclage.
Many design details are available for the Rust and Althuisius studies. Similarities include race distribution, CL <25 mm required for inclusion, same mean CL in study patients (20 mm), hospital admission prior to cerclage placement, use of the McDonald technique, bedrest and followup TVUs for all patients, some rescue cerclages (8 in Rust and 2 in Althuisius), and cerclage removal at 36 weeks. The main difference was that Rust included all women detected to have a short CL, while Althuisius studied only those with a probable history of cervical incompetence (in fact, their patients were first randomized to prophylactic cerclage or not before being followed with TVU). Thus, in Rust and Althuisius studies, the incidence of prior PTB was 47% versus 74%, and of prior second trimester loss 20% versus 46%, respectively. Also, 16% of the patients in the Rust study had twins and 9% of patients had unidentifiable historic risk factors, while Althuisius excluded such patients. A possible confounder was that Rust gave indomethacin to all patients, while Althuisius used it only in the cerclage arm. This raises the possibility that indomethacin may have contributed significantly to the prevention of PTB in the Althuisius study.
Avoiding Cerclage if TVU is Normal
One randomized study 46 and 3 non-randomized studies 47, 49 have evaluated whether women with suspected incompetent cervix can be safely followed with TVU, with placement of a cerclage only in those with cervical change compared to prophylactic cerclage. At least 60% of these high-risk women maintain a normal CL until after 24 weeks and deliver at term, and can be spared any intervention. Only about 40% develop a short CL and are at true risk of PTB, and can be offered intervention. While this latter management with serial TVU of the cervix appears to be a safe alternative to traditional prophylactic cerclage, larger randomized trials are needed to prove that this management approach is appropriate.
Other Uses of Ultrasound Cervical Assessment
EVALUATION OF PATIENTS WITH SUSPECTED PRETERM LABOR
TVU of the cervix has been studied extensively as a predictor of PTB in patients with symptoms of PTL (Table 5 ) While inclusion criteria in these studies were all slightly different, all showed a statistically significant predictive accuracy of TVU for PTB. Unfortunately, no prospective intervention randomized trials have been performed based on this association. Two non-randomized trials have been reported. Zalar 57 reported a decrease in incidence of birth weigh <2,500 grams when TVU of the cervix was used to triage patients to bed rest and tocolysis, compared with historic controls. Also compared with historic controls, Rageth 58 showed that using TVU in symptomatic patients for management could decrease the incidence of hospitalization and costs, but did not decrease PTB. Randomized trials should be performed in this area before clinical use can be recommended.
PREDICTING LATENCY IN PPROM
Three studies have examined the utility of TVU of the cervix in patients with preterm premature rupture of membranes (PPROM). Carlan 59 demonstrated in a randomized trial the safety of performing TVU in this group. In patients studied between 24 and 34weeks, he found that the latency was 2 days shorter if the CL was Յ30 mm (9 days vs. 11 days). Rizzo 60 studied 92 women with PPROM between 24 and 32 weeks, and showed that a CL Յ20 mm was associated with a latency of 2 days (range 0-14) versus 6 days (range 0-36) if the CL was >20 mm. Most recently, Gire 61 reported on 101 singleton pregnancies with PPROM at <34 weeks. A CL <20 mm was associated with a latency of 2.5 days versus 10 days if the CL was Ն20 mm.
PREDICTING THE SUCCESS OF LABOR INDUCTION
Several studies have evaluated the predictive accuracy of TVU of the cervix in term gravidas for length of induction and incidence of success (vaginal delivery). Short CL (<30 mm, 62 <28 mm, 63 <26 mm, 64 or wedging 65 ) were associated with a short duration of labor and a higher incidence of vaginal delivery compared with longer cervix. Two studies instead did not find that TVU of the cervix added significantly to the prediction obtained by dilatation of the cervix on manual examination, 66,67 but 3 did find that TVU CL was a better predictor than any Bishop score parameter. [62] [63] [64] TVU of the cervix was of limited success in predicting the onset of labor in term patients.
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Conclusions
PTB remains the leading cause of neonatal morbidity and mortality. TVU for cervical assessment is one of the best if not the best of available techniques for predicting PTB. A cervical length of <25 mm between 16 and 24 weeks has been shown to be the most reliable threshold for an increased risk of PTB. However, the shorter the cervix, the higher is the risk of PTB, and the earlier in gestational age the shortening occurs, the higher is the risk. The role of TVU of the cervix has been studied in a wide variety of settings and with different patient populations. Screening frequency should depend on severity of obstetrical history, with serial TVUs of the cervix having a better predictive accuracy than one, especially in high-risk populations. The use of TVU of the cervix has been found to be safe and acceptable to patients.
Since there is still limited evidence showing any benefit of cerclage placement in response to cervical changes, we believe large, properly conducted, randomized controlled trials are necessary before this intervention can become part of standard clinical practice. A screening test such as TVU of the cervix should be used in clinical practice only when treatment of the condition is finally proven to be effective, not just based exclusively on its high negative predictive value. There is accumulating evidence that this technique can be used to safely avoid cerclage placement unless or until cervical Names in italics indicate clinicians were blinded to results of TVU. Abbreviations same as Table 1 . * = infinity, since one of the boxes was zero. ** = 12 twin pregnancies included. = cervical index.
change occurs, but this management also needs to be confirmed by appropriate prospective trials. There are still limited data concerning whether TVU of the cervix is clinically useful in caring for patients being evaluated for preterm labor or who experience PPROM, or for prediction of success of labor induction. Future research on all these clinical applications of TVU of the cervix has the potential to significantly improve the health outcomes of pregnant women and their babies.
